Background and Objective Sleep disturbances related to reflux symptoms have a significant impact on the daily lives of affected individuals. These analyses identified clinical factors related to resolution of reflux-related sleep disturbance in subjects treated with esomeprazole 20 mg for 14 days. Methods Data from the first 14 days of 2 similar randomized, double-blind studies were pooled for subjects experiencing frequent heartburn and related sleep disturbances receiving esomeprazole 20 mg (n = 357) or placebo (n = 346). A stepwise logistic regression analysis was performed with pooled and individual study data to evaluate relationships between clinical factors [treatment (esomeprazole vs. placebo), run-in sleep disturbance frequency, occurrence (yes/no) of 24-h, daytime, and nighttime heartburn (yes: C1 episode in 14-day treatment period)] and complete sleep disturbance resolution (no disturbances for 7 consecutive days). Results Absence of daytime (p = 0.0018) or nighttime (p \ 0.0001) heartburn during treatment was a significant predictor of complete sleep disturbance resolution at 14 days for the total population, while higher run-in sleep disturbance frequency (p \ 0.0001) was associated with a lower likelihood of resolution. Esomeprazole treatment was an independent significant predictor of improvement across all endpoints (p \ 0.0001). A significant treatment by run-in sleep disturbance interaction was observed for complete resolution (p = 0.0231), indicating greater therapeutic benefit with esomeprazole in subgroups with higher run-in symptom frequency. Conclusions Lower run-in sleep disturbance frequency, no occurrence of daytime or nighttime heartburn during therapy, and esomeprazole treatment predicted complete reflux-related sleep disturbance resolution. The magnitude of therapeutic benefit for esomeprazole 20 mg over placebo increased with increasing baseline sleep disturbance.
Introduction
Nighttime heartburn can have a significant impact on individuals experiencing reflux symptoms. The impact of nighttime heartburn is highlighted by the fact that approximately 50-75 % of individuals with heartburn & David A. Johnson dajevms@aol.com experience nocturnal reflux episodes that can cause awakening [1, 2] . In fact, sleep disturbance is particularly common among individuals with frequent heartburn [1] [2] [3] [4] [5] [6] . Those who experience nocturnal symptoms are more likely to have sleep disruptions, and the associated adverse consequences, than those who experience only daytime symptoms [7, 8] . Sleep disturbances associated with reflux symptoms can lead to daytime fatigue, as well as significant impairments in the performance of daily life activities, work productivity, mood, and overall health-related quality of life of the patients [1, 2, 5, 6, 9] . Emerging evidence from clinical and non-clinical studies supports a relationship among sleep, immune function, and inflammation [10] . Sleep is believed to have a protective role, and conversely, decreased or dysfunctional/fragmented sleep is associated with increased levels of pro-inflammatory cytokines and greater susceptibility to infection [11] . Given the importance of sleep disturbance in individuals with nighttime heartburn, it is important to understand clinical factors that are predictive of resolution/relief of sleep disturbances.
Esomeprazole is a well-established proton-pump inhibitor (PPI) that has been recently approved in the USA and EU as an over-the-counter (OTC) medication for shortterm treatment (up to 14 days) of reflux symptoms such as heartburn and acid regurgitation [12, 13] . Results from two similarly designed, randomized, double-blind, placebocontrolled trials have previously shown that 4 weeks of esomeprazole treatment was significantly effective in relieving nighttime heartburn and improving sleep quality and work productivity [14, 15] . The population enrolled in these trials was selected based on the occurrence of frequent nighttime heartburn or acid regurgitation and sleep disturbance caused by these symptoms. These trials, therefore, are important to our understanding of the role of PPI treatment in the management of nighttime heartburn and its consequences, in particular, the significant negative impact of sleep disruptions in those experiencing reflux symptoms. Since information in the literature is lacking in this area, particularly in the OTC PPI arena, exploring these issues may help guide healthcare professionals in their counseling of patients who suffer from heartburn-related sleep disturbances in order to establish appropriate expectations for response to treatment. Accordingly, the current analysis sought to identify predictive factors from these two trials that are associated with the complete resolution of sleep disturbance due to heartburn or other reflux symptoms in subjects with frequent nighttime heartburn or acid regurgitation and sleep disturbance related to these symptoms [14, 15] . These analyses focus on outcomes with esomeprazole 20 mg from the first 14 days to align with the dose and duration approved for OTC use.
Patients and Methods
Data were derived from two identical, multicenter, doubleblind, placebo-controlled studies conducted in the USA (ClinicalTrials.gov, numbers NCT00628342 and NCT00660660). The conduct of and the primary results from these studies at 4 weeks have been described previously [14, 15] . Written informed consent was obtained from all subjects, the studies were conducted in accordance with the Declaration of Helsinki, and each study was approved by local Institutional Review Boards.
Subjects
The populations for both studies were male and female subjects aged 18-85 years with histories of frequent nighttime heartburn (defined as an average of C2 times per week), histories of heartburn or acid regurgitation for C3 months or any history of erosive esophagitis, and histories of sleep disturbance associated with heartburn or other symptoms of gastroesophageal reflux for C1 month. At the screening assessment, eligible subjects were enrolled in a 7-to 15-day run-in period, during which they recorded the severity of episodes of daytime or nighttime heartburn or other gastroesophageal reflux disease (GERD) symptoms (none, mild, moderate, severe), as well as the occurrence of sleep disturbance related to GERD symptoms (''Yes'' or ''No'') on a daily diary card. Subjects were required to have sleep disturbance associated with GERD and documented moderate-to-severe nighttime heartburn during C3 of the last 7 days of the run-in period. Sleep disturbance included, but was not limited to, trouble falling asleep, unwanted awakenings, or overall poor sleep quality. Exclusion criteria included presence of, or treatment for, conditions other than reflux that may contribute to sleep disturbance or compromise study procedures, including shift work between 12 am (midnight) and 6 am and plans to travel beyond three time zones during the course of the study; use of PPIs; and drug or alcohol abuse within the past 12 months.
Treatment
Subjects in the original studies were treated with esomeprazole 20 mg (both trials), esomeprazole 40 mg (study 1 only), or placebo, all administered once daily in the morning before breakfast for 4 weeks. Esomeprazole 20 mg was taken orally and administered as 22.3 mg esomeprazole magnesium trihydrate (Nexium; AstraZeneca LP, Wilmington, DE, USA). For the purposes of this analysis only, esomeprazole 20 mg data from the first 14 days were utilized, which is consistent with the approved OTC dosage and duration for PPIs. The only medication allowed for treatment of heartburn during the run-in period was the assigned rescue medication: Gelusil (alumina, magnesia, and simethicone; WellSpring Pharmaceutical Corp, Sarasota, FL, USA). Gelusil tablets were also permitted as rescue medication for heartburn during the treatment phase (up to 6 per 24-h period).
Outcome Measures
The focus of the analysis presented here was on data collected during the first 14 days on study treatment. The a priori-defined primary endpoint of the 2 studies was relief of nighttime heartburn during the last 7 days of the 28-day treatment period. Although analyses at the 14-day time point were predefined in the studies' statistical plans for most outcomes, post hoc analyses were required for the data reported here.
All subjects attended follow-up visits 2 and 4 weeks after the start of randomized treatment. The occurrence of reflux-related sleep disturbance and severity of heartburn episodes were recorded by subjects in a daily self-assessment diary.
Key endpoints of interest for the analysis presented here were complete resolution (yes or no) of sleep disturbance due to heartburn or other symptoms of gastroesophageal reflux (defined as no reflux-related sleep disturbance on 7 consecutive days), complete relief (yes or no) of sleep disturbance due to heartburn or other symptoms of gastroesophageal reflux (defined as reflux-related sleep disturbance on B1 of 7 consecutive days), and relief (yes or no) of sleep disturbance due to heartburn or other symptoms of gastroesophageal reflux (defined as reflux-related sleep disturbance on B2 of 7 days).
Statistical Analysis
Efficacy analyses were performed on a modified intentionto-treat population, which included all randomized subjects who took at least one dose of study medication and had post-treatment data. Logistic regression analyses were performed to identify predictors of the various sleep disturbance outcomes of interest following treatment with esomeprazole 20 mg or placebo through day 14. The three endpoints were analyzed separately using a stepwise logistic regression model incorporating different variables, including treatment group assignment (esomeprazole vs. placebo), study, site, age, gender, frequency of sleep disturbance reported during the run-in period, and the occurrence (yes/no) of 24-h, daytime, and nighttime heartburn, defined as C1 episode during the 14-day treatment period. A number of models were developed for each endpoint, and results of the models with the best fit according to deviance and Akaike information criteria are reported. The level of significance for variables to remain in the final model was set at 0.2. However, variables were only considered important predictors if they were significant at the 0.05 level. Some models were generated by including and excluding the occurrence of heartburn during treatment to ensure that this factor would not impact the identification of major risk factors.
Sleep disturbance frequency during the run-in period was evaluated as both a continuous and categorical variable in the different models. Body mass index (BMI) data were available for only study 2; therefore, a separate analysis was conducted of study 2 alone that took BMI into account, both as a continuous and categorical variable. Analyses were conducted using SAS v. 9.2 (Cary, NC, USA). Table 1 shows baseline characteristics of subjects enrolled in the two studies [14, 15] , as well as the pooled dataset, which included 703 subjects from the two studies (esomeprazole 20 mg: n = 357; placebo: n = 346). Subjects were predominately white females with a mean age of approximately 47 years.
Results

Subject Characteristics
Predictors of Complete Resolution
In the best-fit logistic regression model of complete resolution of sleep disturbance due to heartburn or other reflux symptoms, treatment with esomeprazole 20 mg [adjusted odds ratio (OR) 2.39; 95 % confidence interval (CI) 1.70-3.36; p \ 0.0001], absence of daytime heartburn during treatment (adjusted OR 3.50; 95 % CI 1.59-7.69; p = 0.0018), and absence of nighttime heartburn during treatment (adjusted OR 12.07; 95 % CI 3.53-41.22; p \ 0.0001) were found to be significant positive predictors of complete resolution in the overall population (i.e. those receiving esomeprazole 20 mg or placebo) at 14 days (Table 2) , while subjects with higher frequency of sleep disturbance during the run-in period were less likely to have complete resolution of symptoms in the total population (adjusted OR 0.80; 95 % CI 0.72-0.89; p \ 0.0001). The frequency of sleep disturbance during the run-in period was a statistically significant predictor when analyzed as both a continuous (p \ 0.0001) and a categorical (p = 0.0001) variable.
A greater proportion of subjects treated with esomeprazole 20 mg experienced complete resolution of sleep disturbance due to heartburn or other reflux symptoms over 14 days of treatment compared with placebo, regardless of the frequency of sleep disturbance during the run-in period (Fig. 1) . As the frequency of run-in sleep disturbance increased, the rates of complete resolution of sleep disturbance progressively decreased in all subjects (as would be expected), while the relative difference between esomeprazole and placebo increased in favor of esomeprazole in a stepwise manner. A separate analysis was conducted for complete resolution where the interaction between run-in sleep disturbance frequency and treatment effect was added to the model, and a significant effect was observed for the interaction (p = 0.0231), confirming a greater therapeutic benefit with esomeprazole in the subgroups with higher levels of run-in symptom frequency. Subjects in both treatment groups without any episodes of daytime or nighttime heartburn during the 14-day treatment period had higher rates of complete resolution of sleep disturbance due to heartburn or other reflux symptoms compared with those who continued to have one or more episodes of heartburn during the treatment period (Fig. 2) .
Predictors of Complete Relief and Relief of Sleep Disturbance
Consistent with the analyses of complete resolution, in the best-fit logistic regression model, treatment with esomeprazole 20 mg compared with placebo and run-in sleep disturbance frequency were found to be significantly Separate logistic regression analyses of study 2 were conducted to examine the impact of baseline BMI. BMI as either a continuous or categorical variable was not an important predictor of outcome in any of the models.
Discussion
Treatment with esomeprazole 20 mg was an important positive predictor of complete resolution of heartburn/refluxrelated sleep disturbance in this analysis, while higher frequency of sleep disturbances during the run-in period was an important negative predictor of sleep disturbance resolution. Other factors that were significant predictors for some but not all endpoints of interest were the occurrence of nighttime and daytime heartburn after the start of treatment and study enrollment. BMI, gender, age, and 24-h heartburn were not significant predictors of complete resolution, complete relief, or relief of sleep disturbance. These results are in agreement with those of a previous study by Jansson et al., who found a significant relationship between GERD and sleep problems, but found that age, gender, tobacco use, BMI, or socioeconomic status had no impact [16] .
In subjects who are likely to self-treat their reflux symptoms without consulting a healthcare provider, 14 days of treatment with esomeprazole 20 mg for frequent heartburn has been shown to be effective at improving both Fig. 1 Effect of run-in frequency of sleep disturbance on complete resolution of sleep disturbance due to heartburn or other reflux symptoms by 14 days. *p \ 0.0001 Fig. 2 Effect of the presence/absence of daytime and nighttime heartburn on complete resolution of sleep disturbance due to heartburn or other reflux symptoms by 14 days (Presence of daytime and nighttime heartburn defined as C1 episode during 14-day treatment period) daytime and nighttime symptoms [17] . Other studies have also demonstrated improvements in sleep quality following effective treatment for reflux symptoms [18, 19] . Previous analysis of the current dataset has demonstrated that esomeprazole was associated with rapid resolution and relief of sleep disturbance and improvement in sleep quality that was significantly superior to that seen with placebo; improvements were seen as early as the first night of treatment [20] . The predictive nature of esomeprazole treatment with regard to resolution and relief of sleep disturbance after 14 days was, therefore, to be expected. However, the noticeable reduction in the likelihood of sleep disturbance resolution in those with persistent daytime and nighttime symptoms during treatment may reflect the more severe nature of these symptoms when they are experienced nocturnally [21, 22] . Importantly, guidelines for self-treating frequent heartburn with an OTC PPI recommend that those with symptoms that persist following a 2-week treatment course with an OTC PPI should be referred to a physician for further evaluation [23] . It is likely that certain individuals who are experiencing persistent symptoms during PPI treatment may require a more aggressive treatment strategy that is provided under the direction of a physician to effectively manage these symptoms.
The importance of understanding sleep disturbances in those experiencing reflux symptoms has been demonstrated in a number of trials. Although nocturnal acid reflux symptoms tend to occur less frequently than daytime symptoms, they are associated with longer acid-esophageal contact time, resulting in an increased risk of mucosal damage [21, 22] . Nocturnal acid reflux-related symptoms that are associated with sleep disturbances have also been linked to impaired health-related quality of life and decreased functioning and productivity the following day [1, 2, 5, 6] . In one study, the negative effect of sleep dysfunction on quality of life was surpassed only by the dimensions of ''eating and drinking problems'' and ''vitality'' [24] . Improvement in sleep quality following PPI therapy has been demonstrated in a number of trials to date [14, 15, 18, 19] . These improvements have also been shown to correlate with improved work productivity and daily activities [14, 15] . A systematic review by Tack et al. of 19 studies suggested that decreased sleep quality due to nocturnal reflux symptoms impairs work productivity by causing daytime sleepiness, a phenomenon compounded by successive nights of poor sleep quality [25] . Although the adverse socioeconomic impact of heartburn-related sleep disturbance has been well reported in the medical literature, these effects are likely not well recognized by the individuals or pharmacists who frequently counsel on the use of OTC treatments. The adverse impact of heartburnrelated sleep disturbance may be further compounded if the patient fails to recognize these events or report them when questioned about sleep efficiency by a clinician. Sleep has an amnestic effect, so patients who awaken from these acid reflux-related events may fail to recall them in the morning.
In a 2000 mail survey, 130,000 individuals reported that they had signs of reflux disease and heartburn. Of these, 95 % reported symptoms occurring for more than 1 year and half reported symptoms that had occurred for more than 5 years. Seventy-five percent reported that the symptoms occurred at least twice a week [9] . Results of a US general population survey of 11,685 participants showed that GERD-related sleep disturbance was associated with a 5.5 % increase in overall work impairment and a 10.9 % increase in activity impairment [7] . In their systematic review, Tack et al. compared the burden of disruptive GERD, defined as GERD with frequent and/or severe symptoms, with non-disruptive GERD and found that disruptive GERD was associated with sleep quality scores 1.5 times lower than those for non-disruptive GERD [25] . Impaired sleep quality was found to be significantly associated with nocturnal and daytime reflux symptoms (p \ 0.05), as well as greater overall severity of symptoms (p \ 0.05). Additionally, nocturnal symptoms have been shown to be associated with a greater degree of impairment in health-related quality of life when compared with those with daytime symptoms only [26] . Tack et al. also reviewed the impact of GERD on work productivity among studies that utilized the Work Productivity and Activity Impairment questionnaire and found that the mean number of hours absent from work was 2.4 times higher in the disruptive GERD group compared with the non-disruptive GERD group [25] . Similar to the impact of disruptive GERD on sleep, more-frequent and severe symptoms were associated with decreased work productivity. Interestingly, the mean number of hours absent from work due specifically to reflux symptoms was similar between those with frequent nocturnal symptoms and those with occasional to no nocturnal symptoms, suggesting that the sleep disruptions, not reflux symptoms, had the greatest impact on work productivity. These data emphasize the importance of effectively managing reflux-related sleep disturbances to alleviate the substantial burden that is observed among those experiencing these symptoms.
The current analyses have important strengths that are worth noting, including the use of prospective data from randomized, placebo-controlled trials that performed comprehensive assessments of reflux symptoms and sleeprelated endpoints beginning on the first day of treatment. Data from randomized, controlled trials evaluating the efficacy of OTC PPIs for these outcomes are limited in the literature, so these analyses provide important information about clinical factors that are related to resolution of reflux-related sleep disturbances. However, these analyses also have a number of limitations. First, this was a retrospective analysis of two previously published trials [14, 15] . The primary endpoint for these trials was complete relief of nighttime heartburn during the last 7 days of the 4-week treatment period, whereas the current analysis evaluated outcomes during the first 2 weeks. Furthermore, the other endpoints included in the current analysis-complete resolution and relief of sleep disturbance-were not primary endpoints but rather secondary endpoints in these trials. Because outcomes related to sleep quality and work productivity were only collected at baseline and week 4, we were unable to include these measures in the current analysis. Additionally, the populations that were studied may have included some subjects with more serious conditions who would not be ideal candidates for self-management in the OTC setting without any physician oversight. Specifically, the studies enrolled subjects with a history of heartburn for C3 months and/or a history of erosive esophagitis-patients in whom consultation with a physician is recommended prior to initiating OTC PPIs. Despite this limitation, the frequent occurrence of nocturnal symptoms and sleep disturbances in this population, coupled with the fact that many individuals with GERD avoid or delay consulting a healthcare provider (with cost of prescription treatment being a potential barrier) [27] , underscore the importance of exploring this issue and understanding the response to treatment with an OTC PPI. The current analysis was focused on treatment that was consistent in dose and duration with OTC management of symptoms and thus did not include patients treated with esomeprazole 40 mg in study 1 of the original studies [14] . However, given the lack of differences in the primary efficacy results between the two dosing groups in study 1, we did not anticipate that the results with the 40 mg dose would have differed in a meaningful way from those observed with the 20 mg dose. Finally, our analysis was not able to assess the likelihood of a recurrence following cessation of treatment. Future studies with similar endpoints in individuals with histories of chronic heartburn would benefit from inclusion of a post-treatment follow-up period to evaluate the risk for recurrence once the active treatment is withdrawn.
Conclusions
In the overall population (esomeprazole-and placebo-treated subjects), increasing frequency of sleep disturbance during the run-in period and the persistence of nighttime heartburn during the 14-day treatment period were associated with a reduced likelihood of experiencing both complete resolution and complete relief of sleep disturbance due to heartburn or other reflux symptoms. However, analyses of treatment effects found that treatment with esomeprazole 20 mg was an independent and statistically significant predictor of successful outcome in all models; the odds of complete resolution, complete relief, and relief of sleep disturbance associated with reflux symptoms in subjects who received esomeprazole 20 mg were more than twice the odds of those treated with placebo. These therapeutic effects were consistent in those with or without continued daytime or nighttime heartburn during treatment. Treatment with esomeprazole was associated with greater improvement versus placebo across all categories of run-in sleep disturbance frequency. The magnitude of therapeutic benefit for esomeprazole 20 mg relative to placebo, however, was significantly greater in those with more-frequent run-in sleep disturbances. These findings suggest that individuals with a lower incidence of run-in sleep disturbance will be more likely to experience improvements in sleep disturbance whether they are treated with an active or inactive treatment. Those with a higher incidence of run-in sleep disturbance, however, may be more likely to benefit specifically from treatment with esomeprazole. For individuals experiencing nighttime heartburn and related sleep disturbance, esomeprazole is likely to have a significant clinical impact on their well-being, even among those with high levels of baseline sleep disturbance.
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